This paper introduces a Ph.D. research project about wearable computer artifacts that intertwine digital information from both the human body and the environment. These artifacts use content-related sensors to make air constituents perceptible. In addition, the artifacts' system design is based on metaphors to provide a mental model for the user. Through the intuitive use of these wearable computer artifacts, participants are able to explore information about themselves and their surroundings with their enhanced body. To provide insights into these human-computer interactions, this Ph.D. research project conducts a user experience study as a 'real-life' ethnographic enactment.
INTRODUCTION
What it means to be human has become a compelling research subject in our times of technological, ecological, and socio-cultural changes. Humans live in a constantly changing and complex environment, characterized not only by natural but also by technological processes. However, most of these processes are not immediately perceptible and some, such as anthropogenic impacts on the environment, only become visible over a longer period of time [21, 22] . To provide information about these complex processes, a broad spectrum of sensing technologies, such as ubiquitous sensor networks gather environmental data [23] . In addition, an increasing number of sensing technologies are used for personal data gathering through self-tracking devices [2, 3, 4] . Hence, these technologies are able to provide knowledge about human-environmental interrelationships, which also implies socio-cultural changes. To explore human-environmental interrelationships, this research investigates at the intersection of computer science, digital sociology, and the arts. To do so, this research presents a symbiosis of body and environmental information in the form of wearable computer artifacts that enable users to perceive specific information, such as air constituents. In addition, the artifacts use metaphorical representations as a narrative to experience alternative realities, as such as the experiential worlds of indicator species. Although there is an immense interest in investigating data gathering technologies, little is known about how individuals experience these systems in the real world. Moreover, most of these systems (e.g., mobile phones apps) provide data visualizations to the user, while multisensory experiences are still a niche [2, 4] . This paper outlines this research's motivation, research questions, methods, aims, and previous work. Finally, this paper describes my work in progress.
MOTIVATION
During my residence in Beijing, I experienced differing air quality levels, which I recorded in my handwritten data diary. This experience raised my interest in both selftracking and environmental sensing through the use of Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions from permissions@acm.org. TEI '20, February 9-12, 2020, Sydney, NSW, Australia © 2020 Association of Computing Machinery. ACM ISBN 978-1-4503-6107-1/20/02\ ...\$15.00. DOI: https://doi.org/10.1145/3374920.3374958 data gathering technologies. Since then, I have been focusing on the perceptibility of invisible information, by using digital data as a moldable material and transforming it into a multisensory experience. Through this approach, I have conceived and implemented computer artifacts that provide an interaction with environmental data, such as air constituents.
LITERATURE REVIEW

Quantified Self
This section outlines the phenomenon of so-called "selftracking" cultures and refers to the literature of digital sociology. In 2007, Wired magazine author's Gary Wolf and Kevin Kelly proposed the term "quantified self" to describe the achievement of "self-knowledge through numbers" [1] . They also established a website to support individuals in exploring personal concerns through the use of selftracking methods [1, 2] . Self-tracking describes, according to Deborah Lupton, an empirical measuring method to reflect on information through the use of different kinds of tools. These self-tracking tools can be either digital solutions, such as mobile apps, wearables, and connected things, or just a pen and paper [2, 3] . This broad scope of measuring tools enables self-trackers "to optimize their lives, improve their health and well-being, contribute to their memories, or achieve self-knowledge" [4] . Therefore, individuals measure different types of data, such as body information or environmental conditions (e.g., heart rate, calories, oxygen, air pollution, or radiation) [2] . This measured information creates knowledge for self-trackers through the usage of data visualization [2] . While data visualization remains a common approach, data materialization (e.g., physical data representation or tangible user interfaces) allows a multisensory experience for one's own data [4] . To understand the relationship between selftrackers and their specific data, Deborah Lupton suggested the concept of Donna Haraway's "companion species" [5] as a useful metaphor to mediate the assemblage of human and nonhuman systems through information [3, 4] .
Tangible Interaction
This section focuses on computer systems and refers to the literature of human-computer interaction (HCI). According to Mark Weiser, the third era of computing is characterized by a world of connected and embedded systems that is defined by the term "ubiquitous computing" [6] . These ubiquitous systems weave themselves into everyday life and provoke novel relationships between human and computer systems [7] . Because of these relationships, human-computer interaction research investigates a broad spectrum of computer user interfaces [8] . These studies include various kinds of interfaces such as "graphical user interfaces" (GUI), "tangible user interfaces" (TUI), or even programmable materials defined as "radical atoms" [9] . According to Hiroshi Ishii and Brygg Ullmer, tangible user interfaces augment the real world with digital information as physical objects [10] . Rather than interacting with the computer screen (e.g., mobile phones), TUIs allow users to literally grasp and manipulate digital information [10] . As a complement to TUIs, radical atoms provide interactions with materials that transform their shapes through computational models [9] . In summary, tangibles and programmable materials provide novel forms of interactions in a ubiquitous computing environment. However, while studies on tangible user interfaces investigate the system itself, Hornecker and Buur have proposed the related term "tangible interaction" with the purpose of broadening the research area for an interdisciplinary community (e.g., computer science, design and the arts) [11] . Thus, tangible interactions focus on user experiences that consider body inputs as well [11] . Moreover, tangible interactions encompass characteristics like "tangibility and materiality, physical embodiment of data, bodily interaction, and the embedding of systems in real spaces and contexts" [11] , such as the evolutionary body architectures of Stelarc [12] , Behnaz Farahi [13] , Lucy McRae [14] , or Sissel Marie Tonn and Jonathan Reus [15] . To provide an intuitive and contextual user interaction, system designs require conceptual thoughts. Because of this requirement, the usage of metaphors has become an applied approach in HCI and structure conceptual systems of thought and action [16, 17] .
Air as Medium
This section focuses on "air as medium" to outline the conceptual system of thought and action. To do so, this research's concept considers air as a natural phenomenon and focuses on air constituents and their characteristics [18, 19] . This concept also provides metaphors in the form of aesthetic materializations [9, 11, 17, 20] and uses infrastructures of sensing technologies to interact within a media atmosphere [6, 21, 22] . The earth's atmosphere creates a seamless matrix of different layers that surrounds the Earth. This envelope consists of gases, particles, and liquids that have differing characteristics and are in a continuous state of change [18] . These changes depend not only on environmental dynamics, but also on anthropogenic and natural sources, such as combustions [18] . For monitoring these environmental dynamics, a broad spectrum of technologies, such as satellites orbiting the Earth or ubiquitous sensor networks, is used to provide insights into ecological systems [23] . In addition to these technologies, animals are also used for environmental sensing [23, 24] . These indicator species react more sensitively to environmental hazards rather than humans and thus provide early warning systems [24] - [26] . Moreover, according to Jakob von Uexküll, organisms have different physical capabilities and do not share the same experiential world as humans [27, 28] . Hence, indicator species are able to provide narratives for metaphorical representations to sensitize human perception through wearable computer artifacts.
PREVIOUS WORK
Air Mask
The Air Mask is a prototype for environmental monitoring. Its system design envisions the detection of air quality data to communicate locational information in real time.
To communicate clear and comprehensible information, the six colors of the Air Quality Index (AQI) have been reduced to a three-color warning system that is illuminated on the filter cap of the mask (Figure 1 ). Hence, other citizens can decode the information about the air quality as well. 
How Will We Breathe Tomorrow?
How Will We Breathe Tomorrow? [29] is a participatory workshop that has been conducted within the framework of an urban artist research and mediation project. The aim of this workshop is to empower citizens to understand digital technology and environmental issues. For that purpose, the workshop introduces theoretical aspects of air and guides the participants through a prototyping process. Afterward, the participants implemented interactive artifacts that speculate on human enhancement. The results are used as tools to discuss ecological, technological, and ethical issues.
Ivory
The research on Ivory [30] explores human-environmental interrelationships by utilizing both the metaphorical representations of the canary in a coalmine and materially oriented approaches. Animals, such as the canary, are sensitive indicators of environmental hazards and have been used as warning systems for miners in the shafts when the environment changes. Similar to the behavior of the miner's canary, Ivory interprets air quality data and project it as movement and audio feedback. Ivory's research focuses on system design and implementation to convey both changing air qualities and the elementary nature of the interaction design ( Figure 2 ). 
Field Observation
Due to the potential that has been identified with the previous work, Ivory, a field observation has been made in the framework of an exhibition. The experiment implemented an exhibition set-up with a further developed audio feedback to investigate insights about human-computer interactions through the use of participatory observation. The impressions describe how participants reacted to the interactive artifact. In addition, the research provides a comparison between the previous work Ivory and the exhibition artifact. Furthermore, it reflects on research limitations.
AIMS & OBJECTIVES
The aim of this Ph.D. research is to explore humanenvironmental interrelationships in the form of wearable computer artifacts. To do so, this research contributes system design and implementation with content-related sensors. The sensors measure information of both the human body and the environment to create a symbiosis of sound and movement that focuses on the perception of air (e.g., respiratory rate or the density of air). In addition, the research contributes a literature review that refers to aspects of quantified self, tangible interaction and air as medium. Furthermore, the research evaluates user experiences as a "situated action" [31] .
PRIMARY RESEARCH QUESTIONS
RQ1: How can digital information of both the human body and the environment intertwine into a wearable artifact? RQ2: How can wearable artifacts mediate humanenvironmental interrelationships? RQ3: To what extent can wearable artifacts lead to new forms of self-knowledge and self-awareness?
RESEARCH METHODS
This research will use mixed methods to evaluate how individuals experience themselves and their environment with wearable computer artifacts. Thus, this research will use ethnography as a qualitative research methodology to present research results through participatory observation [31, 32] . In addition, the research will conduct selected interviews and gathers data for comparison. To conduct the user experience study, the research project will take place in the Living Place lab. The lab is part of the Faculty of Engineering and Computer Science at the Hamburg University of Applied Science (HAW) and will be used as 'real-life' ethnographic enactment to observe how participants respond to novel interfaces. The research methods and tools are listed below:
• artistic research • participant observation • selected interviews • data gathering • photo and video documentation • peer-reviewed publications (e.g., ACM, BCS eWiC)
WORK IN PROGRESS
The Ph.D. research began in April 2019 and is based on the experience that has been achieved in previous works. Currently, the research focuses on the implementation of the systems, literature review, and the cooperation with the Living Place lab. The system implementation will be completed in 2020. The researcher will then conduct the first user experience study at the end of 2020.
System Design
To mediate human-environmental interrelationships the system design refers to indicator species. Thus, the system design considers the historical genesis of the canary in a coalmine as metaphor to intertwine the information of both the human body and the environment. Indicator species like such as canary bird were used by miners as indicators for hazardous atmospheres in shafts. If carbon monoxide reached a high concentration, these sensitive organisms showed signs of distress or collapsed [24] - [26] . Today, these birds no longer act as indicator species to detect environmental hazards, but the English expression "a canary in a coalmine" still exists to refer to any warning of potential danger or ethical dilemmas. This research is not about detecting carbon monoxide, but it is rather an exploration of human-environmental interrelationships by using the canary as interface metaphor. Therefore, the system design was inspired by the behavior of the miner's canary to communicate information about respiration and air constituents through movement and sound. 
System Implementation
Wearable computer artifacts extend the human body with digital information of both the human body and the environment. For that purpose, this research's hardware module consists of a microcontroller, a respiratory rate sensor, a SDS011 particle sensor, a speaker, and a servo motor (Figure 3 ). The respiratory rate sensor and the SDS011 particle sensor transmit the data to the microcontroller. Then, the microcontroller syncs the respiratory rate of the user as kinetic movement. Simultaneously, the microcontroller interprets both the particles and the user's respiratory rate as musical sonification. Hence, the participants are able to explore the digital information of both respiration and air constituents as movement and sound with their enhanced bodies.
DISCUSSION
The system implementation faces general challenges to conduct a user experience study. First, the systems need to be robust and adjustable to evaluate the interaction on different body types. Second, the energy consumption for a wearable has to be moderate. Third, to analyze data for the user experience study, the systems will be integrated into a wireless network for data gathering.
